Phenylarsine oxide (PAO) specifically forms a stable ring complex with vicinal dthiols that can be reversed with 2.3-dimercaptopropanol (DMP). Pretreatment of human neutrophils with micromolar concentrations of PA0 inhibited release of superoxide anion (0;) stimulated by N-formylmethionyl-leucyl-phenylalanine (FMLP) or phorbol 12-myristate 13-acetate (PMA); the inhibition was reversed with DMP, but not with 2-mercaptoethanol. PA0 did not affect 0; release in previously stimulated cells. PA0 did not affect the FMLP-induced Ca2+ response, suggesting that PA0 affects a postreceptor event that does not modulate the Ca2+ transient. Treatment of isolated membrane or cytosolic fractions with PA0 did not change the rates of arachidonatestimulated 0; production in a cell-free system. Pretreatment N RESPONSE TO appropriate stimuli, human neutrophils release a large amount of highly reactive oxygen intermediates, including superoxide anion (0;) and hydrogen peroxide, which are important for killing microorganisms.',' The enzyme system responsible for the respiratory burst is a membrane-bound multicomponent nicotinamide adenine dinucleotide phosphate (NADPH) oxidase, which includes a membrane protein (cytochrome bSs8), the cytosolic components p47-phox and p67-phox, and a low-molecular-weight guanosine triphosphate (GTP)-binding
N RESPONSE TO appropriate stimuli, human neutrophils release a large amount of highly reactive oxygen intermediates, including superoxide anion (0;) and hydrogen peroxide, which are important for killing microorganisms.',' The enzyme system responsible for the respiratory burst is a membrane-bound multicomponent nicotinamide adenine dinucleotide phosphate (NADPH) oxidase, which includes a membrane protein (cytochrome bSs8), the cytosolic components p47-phox and p67-phox, and a low-molecular-weight guanosine triphosphate (GTP)-binding
The oxidase is dormant in resting cells and becomes active on stimulation, when p47-phox and p67-phox are translocated to the plasma membrane.6-8 One route of the activation of the NADPH oxidase is associated with activation of protein kinase C (PKC):"' which has been proposed to catalyze the phosphorylation of p47-phox. [12] [13] [14] Phenylarsine oxide (PAO), a trivalent arsenical compound, is known to react with two thiol groups of closely spaced protein cystenyl residues (ie, vicinal dithiols) to form stable dithioarsine rings." The complex cannot be decomposed by monothiols, but in the presence of low-molecularweight dithiols, the binding is competitively reversed. British anti-lewisite, 2,3-dimercaptopropanol (DMP), effectively reverses the protein-PA0 complex to form the more stable five-membered ring dithioarsine; 1 ,Cdithiothreitol (DTT), which forms an unstable seven-membered ring with PAO, is much less effective in this regard than DMP. '6"8 The addition of PA0 to cells results in the inhibition of platelet activation," receptor internalization," and sodium-proton exchange." Frost and Lane'' first reported that PA0 specifically inhibits insulin-dependent hexose uptake in 3T3-Ll adipocytes, and subsequent studies showed that part of this inhibition may be the result of interaction with protein tyrosine phosphatase (pTPa~e).'~-'~ Similarly, it has been reported that PA0 can regulate tyrosine phosphorylation in T cells through the inhibition of FTPase."
In the present studies, we report that PA0 inhibited 0; release stimulated by N-formyl-methionyl-leucyl-phenylalanine (FMLP) or phorbol 12-myristate 13-acetate (PMA). In investigating the mechanism, we found that PA0 inactivated PTPase in human neutrophils and enhanced protein tyrosine phosphorylation in stimulated cells. PA0 also inhibited the of unstimulated neutrophils with PA0 inactivated cytosolic protein kinase C (PKC); the inactivation was reversed with DMP. However, PA0 did not affect PMA-induced translocation of P-PKC protein or reduce the PKC activity translocated to the membrane. PA0 had no effect on tyrosine kinase activity but inactivated phosphotyrosine phosphatase; stimulus-induced tyrosine phosphorylation of several proteins was markedly enhanced. These results suggest that vicinal dithiols play an essential role in activation of the respiratory burst oxidase. Possible sites for the activity of these essential vicinal dithiols include PKC and the regulatory balance of tyrosine phosphatase activity and tyrosine phosphorylation. 0 7995 by The American Society of Hematology.
function of PKC. These results support the conclusion that vicinal dithiols play an essential role in the function of enzymes involved in the activation sequence of the NADPH oxidase.
was obtained from Nycomed Pharma, Oslo, Norway. Fura-2/AM was from Dojin Chemical CO, Tokyo, Japan, and purified milk casein was from from Yukijirushi, Sapporo, Japan.
Preparation o f neutrophils. Neutrophils were prepared from healthy donors. Venous blood anticoagulated with 3.8% sodium citrate was overlaid on the density gradient medium, and the neutrophil-rich layer was obtained by centrifugation at 450g for 30 minutes. After washing with phosphate-buffered saline (PBS), red blood cells were removed by hypotonic lysis. The isolated neutrophils were washed with PBS and suspended in HBSS. The final cell preparation contained 90% to 92% neutrophils.
Meusurenlmt of OF release by neutrophils. Release of 0; was measured as the SOD-inhibitable reduction of cytochrome c. Neutrophils (2 X IO') were added to paired cuvettes containing 80 /mol/ L cytochrome c in HBSS with a final assay volume of 1 mL. Fifty micrograms of SOD was added to the reference cuvette. The respiratory burst was stimulated by 0.5 pg/mL PMA or 1 pmol/L FMLP. The reduction of cytochrome c was continuously monitored in a double beam spectrophotometer with a heated cuvette holder (37"C)." The rate of 0; production was determined from the initial maximal slope of the change in the absorbance at 550 nm.
Pretreurment of ce(ls with PAO. Neutrophils were incubated at 37°C with various concentrations of P A 0 for varying times, as indicated. The reaction was terminated by immediately centrifuging at 5,000 rpm fol-5 seconds and washing twice with HBSS; it took 30 seconds to complete the process. In some experiments, the washed cells were further treated with different concentrations of DMP, DTT, or 2-mercaptoethanol for the indicated times and washed with HBSS. The rates of PMA-or FMLP-stimulated 0; production by these cells were compared with those of the control cells. The control cells were incubated in HBSS without any reagent, washed by centrifugation, and resuspended in fresh buffer in the same manner.
Meusurrment of intracellular free C&+ concentrution ([Cu2']i). Neutrophils (1 X 107/mL) were suspended in HBSS containing I O pmol/L fura-ZAM at 37°C for S minutes, followed by an additional 20-minute incubation with 2 pmollL fura-2/AM. After washing twice with HBSS, the cells were suspended in HBSS at 2 X I O h cells/mL. FMLP-induced changes in [Ca'+]i were monitored by fluorescence emission at 500 nm with excitation at 335 nm in a fluorospectrophotometer with a heated cuvette holder (37°C) and magnetic stirrer (Hitachi F-3000). [Ca'+]i was calculated by the method of Gynkiewicz et .I.?X."' Measurement of O2 releaae by hubcellular fractions of neutrophils. Membrane and cytosolic fractions were prepared according to the method of Bromberg and Pick"' without any reducing agent.
Neutrophils were suspended at 1 X IOx cells/mL in ice-cold 10 mmol/L sodium-potassium phosphate buffer, pH 7.4, containing 340 mmol/L sucrose, I mmol/L EGTA, 1 mmol/L PMSF, 30 ng/mL leupeptin, and S ng/mL pepstatin. The cells were disrupted by sonication on ice (20 W for three bursts of 15 seconds each, separated by I-minute intervals). Unbroken cells and debris were removed by centrifugation at l0,OOOg for 5 minutes at 4°C. Cytosol was obtained by ultracentrifugation at 100,OOOg for 60 minutes at 4°C. The pellets were resuspended in the sonication buffer containing 0.2% Triton-X 100, then centrifugated at 100,OOOg for 60 minutes at 4°C. These pellets were used as the membrane fraction. Release of 0; from subcellular fractions was measured by monitoring the SOD-inhibitable reduction of cytochrome C.?' The membrane (0.25 mg protein) or cytosol ( I mg protein) or both were suspended in 1 mL of 65 mmol/L sodium-potassium phosphate buffer, pH 7.4, containing 170 mmol/L sucrose, 2 mmolL NaN3, 1 mmol/L EGTA, 10 pmol/L FAD, and 0. I mmol/L cytochrome c. Three minutes after addition of arachidonate (final concentration, 82 WmollL), NADPH (0.2 mmol/L) was added, and the reduction of cytochrome c was continuously monitored at 37°C. SOD (50 kg) was present in the reference cuvette.
Meusurement of PKC activity. The effect of P A 0 on PKC activity was examined in both PMA-stimulated and unstimulated neutrophils. Neutrophils ( I X IO* cells) suspended in 40 mL HBSS were stimulated by PMA for 5 minutes at 37°C. Before or after the simulation by PMA, the cells were treated with 2 pmol/L P A 0 for 5 minutes at 37°C. In some experiments, the PAO-treated cells were The cells were disrupted and cytosolic fractions were prepared as described above. The activities of PKC in both cytosol and membrane fractions were measured by Ca2+-and phosphatidylserine-dependent and PMAstimulated incorporation of [y-'*P]ATP into synthetic substrate peptide using an Amersham PKC assay kit. PKC activity was calculated after subtraction of Ca*' -and phosphatidylserine-independent radioactivity and was expressed as picomole substrate phosphorylate& midlo' cell equivalents."
In separate experiments, cytosol was prepared from untreated cells to study the direct effect of varying concentrations of P A 0 on PKC activity. In this case, 2-mercaptoethanol was omitted to avoid its interaction with PAO.
Immunvblut analysis of P-PKC. Membrane and cytosolic fractions were prepared from untreated, PMA-stimulated, and PAOtreated and PMA-stimulated cells as described above. Thirty micrograms of cytosolic and membrane proteins was subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) using 10% polyacrylamide gel. Separated proteins were transferred to a polyvinylidine diRuoride (PVDF) membrane. After blocking nonspecific binding sites with 4% milk casein, the membrane was incubated with a monoclonal antibody specific for p-PKC. The bound antibodies were detected using an ECL detection kit (Amersham).
Analysis of prvtein tyrosine phosphorylation. Neutrophils (2 X IOh cells) in I mL HBSS were preteated with or without 2 pmol/L P A 0 for 5 minutes and then stimulated with PMA or FMLP. The reaction was terminated at the indicated times by centrifugation and aspiration of the reaction medium. An electrophoresis sample buffer preheated to 100°C (100 pL) consisting of S mmoUL potassium phosphate buffer (pH 6.8), 2% SDS, IO mmoUL DTT, 5% mercaptoethanol, 0.04% bromphenol blue, and 2% glycerol was added, and the samples were boiled for 2 minutes. The cell lysates were passed through a 27-gauge needle 20 times and resolved by 10% SDS-PAGE. Separated proteins were transfered to a PVDF membrane. After blocking with 4% milk casein, the membrane was incubated with a monoclonal antibody against phosphotyrosine.
Bound antibodies were detected by an ECL detection kit. 
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The buffer was removed, and the gel was overlayered with the assay mixture (3 mL/gel) containing 5 mg/mL poly(glu, tyr)d:lr 30 pCi/ mL [Y-~~PIATP, 20 mmoVL HEPES (pH 7.4), 50 pmol/L ATP, 10 mmol/L MgClz, and 10 m o V L MnCI,, and incubated for 30 minutes at 37°C. After incubation, the assay mixture was removed, and the gel was washed at room temparature once with water and seven times with 5% triacetic acid containing 10 mmoVL sodium pyrophosphate. Gels were dried for autoradiography.
The activity of PTPase was measured by the method of Peyron et al. 34 Neutrophils (2 X IO6 cellslml) were untreated or treated with PA0 for 5 minutes, washed with HBSS, and suspended in 20 mmoVL Tris-HCI buffer (pH 7.5) containing 0.33 mmoVL sucrose, 2 mmoVL EDTA, 2 mmoVL EGTA, 1 mmoVL PMSF, I pglmL leupeptin, and 1% Triton X-100. After centrifugation at 15,000g at 4°C for 20 minutes, supernatants were treated with 20 pmol/L okadiac acid at 25°C for 10 minutes, and 40 pg of the protein was suspended in reaction buffer consisting of 100 mmoVL sodium acetate (pH 6.0), 1 mmol/L EDTA, and 10 m o V L p-nitrophenylphosphate @NPP). Okadiac acid, a serine-threonine phosphatase inhibitor, in concentrations over 10 pmol/L inhibited activity by a maximum of 17 ? 3% (mean ? SD, n = 6) and was added to increase the specificity of the assay. PTPase activity was assayed by following the release ofp-nitrophenol at 25°C at 410 nm. Spontaneous hydrolysis of pNPP was subtracted by adding the same amounts of the extraction buffer and okadiac acid to the reaction mixture in the reference cuvette. FTPase activity was calculated by using the molecular absorption coefficient for p-nitophenol at 410 nrn and pH 6.0 (c = 875).34
Detection of phosphorylated proteins by two-dimensional (2-D) PAGE. Protein phosphorylation in "P-loaded neutrophils was detected by 2-D PAGE as described by Okamoto et a135 with minor modifications. Freshly isolated neutrophils were washed once with phosphate-free minimum essential medium (MEM) and suspended in the same medium at the concentration of 5 X lo7 cells) was added to the cell suspension, and the suspension was incubated for 1 hour at 37"C, with gentle agitation every 15 minutes. The cells were pelleted by centrifugation, washed once with incubation buffer (20 mmom HEPESRRIS, pH 7.4, containing 0.15 mol/L NaCI, 5 mmoY L KCI, and 10 mmoVL glucose), then resuspended in incubation buffer at the concentration of 2 X lo6 cells/mL. Two milliliters of the cell suspension was placed in microcentrifuge tubes and warmed at 37°C for 5 minutes. After preincubation with or without 2 pmoV L PAO, cells were incubated with buffer, PMA, or FMLP for 5 minutes. Incubation was terminated by centrifugation, and the pellet was washed twice with inhibitor buffer (incubation buffer containing 0.1 mom NaF, 10 mmoVL EDTA, 2 mmoVL N-ethylmaleimide. 1 m m o L (NH&Mo04, 1 mmoVL iodoacetic acid, and 1 m m o K benzamidine). The pelleted cells were resuspended with inhibitor buffer supplemented with 0.5 mmoVL diisopropyl phosphofluoridate, 20 pmoVL leupeptin, and 18 pnoVL pepstatin, and incubated in this buffer for 10 minutes at 0°C. The cells were isolated by centrifugation and dissolved in 80 1 L of lysis buffer (6 mol/L urea, 2% Nonidet P-40, 1.6% pH 3.5 to 9.5 Ampholine, 0.4% pH 2.0 to 5.0 Ampholine) containing 5% mercaptoethanol. After removal of undissolved residue, the samples were subjected to isoelectric focusing35 in tube gels of 4% polyacrylamide containing the above lysis buffer. After isoelectric focusing, the gels were incubated at room temperature with Laemmli SDS sample buffer for two 30-minute periods. The second electrophoresis was carried out in 10% SDS-PAGE. The gels were stained with Coomassie Brilliant Blue R-250, and the dried gels were autoradiographed and analyzed using Fujix Bio-Analyzer BAS-2000 (Fuji Photo Film, Tokyo, Japan).
RESULTS
ESfect of PA0 on 0; release by neutrophils. When neutrophils were pretreated with 2 pmol/L PA0 for 5 minutes, 0; release stimulated by FMLP or PMA was completely inhibited (Fig 1) . Incubation with 2 pmoW PA0 for 15 seconds or 60 seconds before centrifugation was enough to cause the complete inhibition of PMA-or FMLP-stimulated 0; release, respectively. Once the respiratory burst was activated with PMA or FMLP, PA0 did not change the rates of 0; release (Fig l) . A half-maximum inhibition of 0; release was achieved by 0.3 ? 0.1 pmol/L PA0 (mean 2 SD, n = 6) for FMLP and 0.
for PMA (Fig 2) . To demonstrate that the inhibition of the respiratory burst was due to interaction of PA0 with vicinal sulfhydryls, we studied the effect of a potent vicinal dithiol competitor (DMP) on the PAOor FMLP-induced inhibition of 0; release. When neutrophils were pretreated with 2 pmol/L PAO, washed with HBSS, then incubated for 5 minutes with different concentrations of DMP before washing and addition of PMA or FMLP, a 50% recovery in 0; release was achieved at the concentration of l pmol/L; and 2 pmoY L; 10 pmol/L DMP completely reversed the PAO-induced inhibition of 0; release stimulated with FMLP and PMA, respectively (Fig 3A) . The recovery was very rapid, and 10 pmol/L DMP largely reversed the inhibition within 1 minute (Fig 3B) . In contrast, incubation with monothiol (2-mercaptoethanol) up to 1 mmol/L for 10 minutes did not reverse the inhibition (not shown). We also examined the effect of DTT, which has a much lower affinity for PA0 than does DMP, on the PAO-induced inhibition of the respiratory burst. Incubation with 10 pmoVL DTT for 5 minutes had no effect on the PAO-induced inhibition, and treatment with 1 mmol/L DTT for 10 minutes only restored the 0; release with PMA to 6 4 % ? 2% of that without PA0 (mean ? SD, n = 3).
Effect of P A 0 on FMLP-induced changes in [Ca2']i. We examined the effect of PA0 on the receptor-coupled Ca2' response to FMLP. As shown in Fig 4, FMLP Effect of P A 0 on 0; production in reconstituted cell-free system. We explored the possibility that inhibition by P A 0 was achieved through interaction with vicinal sulfhydryls on one or more components of the NADPH oxidase. For this purpose, neutrophil cytosolic and membrane fractions were prepared without using a reducing agent that could interact with PAO. After treatment of either membrane or cytosol (each at 3 mg protein/mL) or both with 10 pmol/L to 10 mmol/L P A 0 for 5 minutes, the membrane and cytosol were mixed and activated with 0.2 prnolk arachidonate. The rates of 0; production initiated by addition of 0.2 mmol/L NADPH were compared with the rates achieved with untreated components. Treatment of the membrane and/or cytosol fractions with up to 10 mmol/L P A 0 did not change the rate of 0; production. The results with 1 mmol/L P A 0 are shown in Fig 5. These results suggest that vicinal sulfhydryls do not play a part in the function of the respiratory burst oxidase constituents themselves when they are assembled in a membrane by the addition of arachidonate.
Effect of P A 0 on PKC activity. Protein kinase C has been proposed to play a part in the activation of the neutrophil NADPH ~x i d a s e .~. " '~ Production of 0; in the reconstituted cell-free system requires neither ATP nor PKC-dependent phosphorylation to achieve NADPH-dependent production of O;.3"3s Thus, to explore possible effects of P A 0 on PKC, we treated intact neutrophils with P A 0 or buffer, then disrupted them and prepared cytosolic and membrane fractions. Cells were disrupted in the presence of 2-mercaptoethanol, and the activity was assayed in a medium containing DTT. If P A 0 reacts with vicinal sulfhydryls on PKC to form a stable cyclic complex, that complex should not be reduced by these agents.
The effect of P A 0 on PKC activity is described in Table  1 . In resting neutrophils, the PKC activity was found to be dominantly in the cytosolic compared with membrane fraction. When the cells were pretreated with PAO, activity was eliminated from cytosol and significantly reduced in the membrane fraction. When neutrophils were pretreated with DMP, the PKC activities of both the cytosol and membrane fractions were increased, probably because DMP prevents the oxidative inactivation of PKC activity during the preparation. The PAO-induced inhibition was completely reversed by treatment of the cells with DMP. Stimulation by PMA shifted PKC activity from the cytosol to the particulate fraction. If the cells were pretreated with P A 0 before they were stimulated by PMA, the PKC activity recovered in the membrane fraction was only 14% as much as that achieved after PMA stimulation alone. However, when P A 0 was added after stimulation by PMA, 0; release (Fig 1) and PKC activity in the particulate fraction (Table 1) were not reduced. These results suggest that interaction between vicinal sulfhydryls and P A 0 may be involved in the inactivation of PKC. Furthermore, the changes in the PKC activities with P A 0 were correlated with those obtained with 0, release stimulated by PMA.
Next we studied the effect of P A 0 on the activity of the PKC in separated cytosol. PKC is susceptible to oxidation, so that reducing agents are essential for its purification. D I T and 2-mercaptoethanol react with PAO, interfering with the reaction between P A 0 and purified PKC. Therefore, cytosol fractions were prepared from unstimulated neutrophils without use of these agents, and the effect of P A 0 on the PKC activity was immediately studied. The results are shown in Fig 6. PKC activity was inversely proportional to the concentration of P A 0 used. Fifty-five micromolar P A 0 (not shown in Fig 6) completely inhibited PKC activity in the cytosolic fraction prepared from IOs cells. For comparison, l pmolL P A 0 completely inhibited PMA-stimulated 0; release by one-fortieth as many (2.5 X lo6 cells) (Figs 1 and 2) .
Effect of P A 0 on PMA-and FMLP-induced translocation of p-PKC. Neutrophils possess the classical ea2'-, phosphatidylserine-, and diglyceride-dependent isotypes, a-PKC and P-PKC. The P-PKC isotype has been reported to translocate from cytosol to membrane in response to elevated [Ca2']i or stimulation by PMA.", 39 We explored the possibility that P A 0 might interfere with the redistribution of P-PKC, which we assessed by immunoblot analysis using a monoclonal antibody specific for p-PKC. In response to stimulation by PMA, p-PKC in the cytosol translocated to the membrane fraction (Fig 7, lanes  2 and 7) . When neutrophils were pretreated with PAO and then stimulated by PMA, PA0 did not prevent effective translocation of p-PKC (Fig 7, lanes 3 and 8) . We were able to show that 1 pmol/L FMLP also induced clear translocation 
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of p-PKC from cytosol to membrane (Fig 7, lanes 4 and 9) , and that PA0 had no effect on this translocation (Fig 7,  lanes S and IO) . @ k t of P A 0 0 1 1 stin~rrlrt.s-inrlrrceri protein t\.rosirre phosphonlation and on hrosine kinrrse and yrosine phosphatase activities. PA0 is known to inhibit PTPase, and PMA and FMLP have been suggested to induce protein tyrosine phosphorylation in neutrophils.J"'" We did not detect tyrosine phosphorylation in cells stimulated by FMLP (Fig 8A. lanes  l-S) . but in PAO-pretreated cells FMLP induced marked tyrosine phosphorylation of proteins with molecular masses of 67 and S4 kD (Fig 8A. lanes 7 to 10) . Less-marked phosphorylntion of other proteins including one at 41 kD was also noted. The extent of phosphorylation of these proteins increased in PAO-pretreated cells in a time-dependent manner.
Stimulation of neutrophils by PMA induced tyrosine phosphorylation of a 67-kD protein (Fig 8B, lanes 1 to S ) . PA0 pretreatment greatly enhanced PMA-induced protein tyrosine phosphorylation. particularly of 67-, 54-. 43-, and 41-kD proteins (Fig 8B. lane 7 to 10) . Treatment with PA0 alone for 1 S minutes did not cause tyrosine phosphorylation as shown in lane 6 of Fig 8A and B. Tyrosine phosphorylation of these proteins increased in a time-dependent manner in PAO-treated cells. One explanation for this enhanced phosphorylation might be due to modulation of tyrosine kinase or PTPase activity. Accordingly, we studied the effect of PA0 on activities of tyrosine kinase and phosphatase in proteins extracted from unstimulated cells. Tyrosine kinase activity was assayed using a nondenaturing PAGE system. Although the activity was slightly decreased with 100 pmol/L PAO, PA0 at 0.1, 1. and I O pmol/L did not affect tyrosine kinase (n = 2, data not shown).
PTPase activity in unstimulated cells was estimated by measuring the capacity of extracted proteins to dephosphorylate a phosphotyrosine analog, pNPP. PTPase was sensitive to PAO: the activity was inhibited SO% with 1 pmolL PAO, then gradually further decreased by increasing concentrations of PA0 (Fig 9) . Thus. PA0 inhibited PTPase activity at similar concentrations to those that inhibited PMA-and FMLP-stimulated 0; release. and that enhanced PMA-and FMLP-induced tyrosine phosphorylation. 1 and 6) . PMA-stimulated (lanes 2 and 71, PAO-treated and PMA-stimulated (lanes 3 and 8) . FMLP-stimulated (lanes 4 and 9) . and Fig 7. Effect of PA0 on PMA-initiated translocation of PPKC isozyme. The cytosolic and membrane fractions were prepared from unstimu-PAO-treated and FMLP-stimulated (lanes 5 and 10) as described in Materials and Methods. Each fraction (30 p g protein) was subjected t o SDS-PAGE using a 10% polyacrylamide gel, and the separated protein was transferred t o a PVDF membrane. lmmunoblot analysis was performed using a monoclonal antibody specific for 0-PKC. These results are representative of those obtained in four experiments.
For A and B) . Proteins containing phosphotyrosine were detected by immunoblotting using an enhanced chemiluminescence. Arrows indicate molecular masses calculated from the positions of the molecular-weight standards shown on the left. Similar results were obtained in three separate experiments.
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DISCUSSION
We report here that micromolar concentrations of PAO, a cell-permeable trivalent arsenical compound, specifically inhibited the respiratory burst of neutrophils stimulated by For personal use only. on October 23, 2017 . by guest www.bloodjournal.org From Effect of PA0 on PTPase activity. Neutrophils (2 x lo6 cells/ mL) were untreated or treated with various concentrations of PAO. PTPase activity was assayed in 40 @g protein from 1% Triton X-l00 cell extracts, as described in Materials and Methods. The capacity to dephosphorylate the phosphotyrosine analog pNPP was measured spectrophotometrically by monitoring the release of p-nitrophenol at 410 nm. Values are mean 2 SD for three separate experiments.
both the PKC activator PMA and the chemoattractant FMLP. The PAO-induced inhibition was completely reversed by DMP, but not by 2-mercaptoethanol. DTT, a 1 ,Cdithiol that shows a lower affinity for PA0 than does DMP,lh"X was much less effective than DMP. These results strongly suggest that vicinal dithiols with high affinity for PA0 are involved in the activation of the respiratory burst oxidase in neutrophils.
Once the neutrophils had been stimulated, PA0 had no 116. The respiratory burst NADPH oxidase is a multimeric enzyme. In resting neutrophils, its subunits are distributed between the cytosol and membrane. When neutrophils are activated, the cytosolic factors translocate to the plasma membrane to assemble the active NADPH oxidase comAn active NADPH oxidase can be accumulated in a mixture of membrane and cytosol prepared from resting neutrophils by addition of amphiphiles, such as arachidonate"."3 or SDS."' We reconstituted the cell-free system without any reducing agent and showed that treatment of membrane and/or cytosol with PA0 did not prevent the assembly and activation of the NADPH oxidase by arachidonate (Fig  5) . The cell-free system is not always a good predictor of events in intact cells. de Mendez et alM have shown that removal of SH3 domains from p47-phox and p67-phox has no effect on cell-free activation, whereas these domains are required for reconstitution of NADPH oxidase activity in transfected B cells from patients with chronic granulomatous disease. However, among the possible target molecules of PAO, PKC could be one because arachidonate activation of the reconstituted system does not require a PKC-dependent process.'"3x
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A have been used to identify other vicinal dithiol-containing proteins. PA0 has been suggested to target multiple intracellular components of signal transduction in T cells, but not the tyrosine kinase and phosphatase p a t h~a y .~' Frost et alZ4 also documented that PA0 could inhibit the insulin-stimulated, serine-specific phosphorylation of two endogenous phosphoproteins in adipocytes. The structure of the PKC family of proteins contains the sequence of the DNA-binding zinc finger in domain Cl . 52 To our knowledge, the effect of P A 0 on PKC activity has not been evaluated.
Neutrophils possess the classical Ca2'-, phosphatidylser- (Fig 2) . This result is compatible with the concept that other kinases could be involved in the action of PA0 in neutrophils stimulated with FMLP. It has been reported that PA0 inhibits PTPase in 3T3-LI a d i p~c y t e s~~. '~ and T cells." Protein tyrosine phosphorylation has been suggested to be involved in the activation of human n e~t r o p h i l s .~"~~~ We studied the effects of PA0 treatment of neutrophils on activities of tyrosine kinase and phosphatase in 1 % Triton X-100 cell extracts and on tyrosine phosphorylation in neutrophils stimulated with FMLP or PMA. PTPase was inactivated by 50% with P A 0 at concentrations similar to those that completely inhibited release of 0; stimulated by PMA or FMLP. However, PA0 had no effect on tyrosine kinase. The inactivation of PTPase enhanced tyrosine phosphorylation of neutrophils with these stimuli. Despite this enhanced tyrosine phosphorylation, the respiratory burst was completely inhibited. Thus, the PA0 effect cannot be attributed to inhibition of tyrosine phosphorylation.
Analysis of phosphorylated proteins from "P-loaded cells by 2-D PAGE showed that PA0 eliminated PMA-and FMLP-induced phosphorylation of a 47-kD protein. This result is compatible with inhibition of phosphorylation of p47-phox, but we have not proven that this band is $7-phox. PA0 pretreatment was associated with enhanced phosphorylation of several proteins after stimulation by FMLP. The molecular masses of these proteins were similar to those of proteins whose tyrosine phosphorylation was enhanced by pretreatment with PAO. These results suggest that PA0 alters the regulatory balance of phosphorylatioddephosphorylation by inhibiting vicinal dithiols at multiple sites, including those on PKC and on one or more enzymes with PTPase activity.
Elucidation of the precise mechanism by which PA0 inactivates PKC could be an important step in understanding the activation sequence of PKC, whether or not that might relate to the respiratory burst in neutrophils. Analysis of the amino acid sequence of PKC suggests that a pseudosubstrate sequence in domain V1 may bind to the catalytic site when PKC is ina~tive.'~ Binding of diacylglycerol or other lipid activators is thought to produce conformational changes resulting in dissociation of the pseudosubstrate sequence, opening the active catalytic site for specific substrate^.'^ Our results showed that the Ca2+-and phospholipid-dependent kinase from the membrane of PMA-stimulated neutrophils was not inactivated by PAO, indicating that the binding sites for Ca" and phospholipids and the catalytic site were not affected by PAO. It is possible that PA0 blocks the conformational changes required for activation of PKC. 
